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Use of a Mark-Recapture Model to Evaluate Largemouth Bass Delayed Tournament 
Mortality  
 
Andrea Sylvia* and Michael J. Weber 




Estimating fishing mortality, including initial and delayed mortality, is necessary to assess 
potential effects of catch and release tournament fishing events. Previous studies retaining angler-
caught fish are useful in understanding delayed mortality but have associated limitations. As an 
alternative to tournament mortality studies, we estimated daily apparent survival rates of 
largemouth bass Micropterus salmoides using a modified Cormack-Jolly-Seber model in Program 
MARK to test for the duration of delayed tournament mortality and to identify important covariates 
affecting survival. Multiple monotonic trends were evaluated to test acute (2, 3, 4, or 7 d) and 
chronic (15 or 30 d) delayed mortality hypotheses. The most supported models revealed an acute 
trend in survival following tournament capture but no support for chronic mortality. Largemouth 
bass survival decreased with increases in water temperature and the number of tournament capture 
events. Combined, these factors resulted in up to 90% cumulative mortality at temperatures of 
18.8°C for individuals captured at five tournament events. Our results confirm the potential for 
high delayed mortality associated with catch and release fishing tournaments. Using mark-
recapture data to understand tournament fishing mortality can be a valuable tool in managing 
highly fished systems.  
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1.  Introduction 
Competitive tournament angling events are a rapidly growing segment of freshwater and 
marine fisheries. An estimated 31,000 tournaments were held in inland and marine waters in North 
America in 1991 (Schramm et al., 1991a). More recent studies reported that upwards of 40,000 
black bass Micropterus spp. tournaments were held just in the southeastern United States in 2012 
(Driscoll et al., 2012), whereas a 227% increase in marine tournaments was documented between 
1983 and 2003 (Oh et al., 2007). Fishing tournaments are directed at several freshwater and marine 
species and can involve hundreds to thousands of anglers participating in fishing events lasting 
just a few hours or up to a year (Schramm et al., 1991b), making the potential for tournament-
associated mortality considerable. While the overwhelming majority of fishing tournaments today 
use catch and release as a means to conserve fishery resources and sustain angling quality 
(Barnhart, 1989; Schramm and Gilliland, 2015), mortality of fishes released following 
tournaments can be highly variable, dependent on species, study design, and system (Muoneke 
and Childress, 1994; Killen et al., 2006; James et al., 2007; Cline, et al., 2012; Kerns et al., 2016; 
Keretz et al., 2018; Sass et al., 2018).  
A range of factors can affect fish survival following angling. Gear type (Muoneke and 
Childress, 1994; Dunmall et al., 2001), hook type and hooking location (Myers and Poarch, 2002; 
Wilde and Pope, 2008), water depth (St John and Syers, 2005), fish size (Meals and Miranda, 
1994; Meka and McCormick, 2005), angling time and level of exhaustion (Dotson, 1982; Suski et 
al., 2007; Keretz et al., 2018), air exposure (Suski et al., 2007), water temperature (Neal and Lopez-
Clayton, 2001; Cooke et al., 2002; Keretz et al., 2018), and angler experience (Diodati and Richard, 
1996; Meka, 2004; Landsman et al., 2011) are all sources of stress that can increase mortality in 
fish captured and released that vary across water bodies and species (Muoneke and Childress, 
1994). Additionally, tournament-specific actions including live-well confinement, culling, and 
weigh-in procedures can result in initial mortality rates up to 50% for black bass and walleye 
Sander vitreus captured during tournaments (Goeman, 1991; Hartley and Moring, 1995; Wilde, 
1998). While determining immediate mortality (i.e., mortality occurring before or during weigh-
in procedures) of tournament captured fish is relatively simple, catch-and-release tournaments can 
also result in delayed mortality after fish have been released, which is more difficult to quantify 
(Cooke et al., 2002). Consequently, considerably less is known about delayed mortality of 
tournament captured fishes. 
Delayed mortality of tournament-captured bass was identified and evaluated started in the 
1980s (Schramm et al., 1987) and continues to be an important topic in current tournament 
mortality studies (Schramm et al., 2010; Hall et al., 2012; Keretz et al., 2018). Delayed mortality 
evaluations have focused on black bass due to their popularity among tournament anglers (Wilde, 
1998). To measure delayed mortality, traditional post-release mortality studies often use 
confinement evaluations that involve retaining angler caught and control fish in cages for 12 h – 
28 d where surviving fish are counted at the end of the holding period to estimate percent survival, 
potentially in relation to fish and environmental covariates (e.g., fish size, water temperature and 
tournament size; Seidensticker, 1975; Bennet et al., 1989; Jackson and Willis, 1991; Steeger et al., 
1994; Kwak and Henry, 1995; Weather and Newman, 1997). Delayed mortality rates in bass vary 
widely but can exceed 50% as a result of cumulative sublethal physiological stressors (Steeger et 
al., 1994; Weathers and Newman, 1997; Neal and Lopez-Clayton, 2001). While such observational 
studies have been useful in understanding post-release mortality of tournament-angled fish, they 
can be difficult to replicate across a broad range of variables (Schramm et al., 1987), are limited 
in the time and number of tournaments that can be evaluated, number of fish that can be held 
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(Wilde et al., 2003), and can be confounded by mortality due to confinement (Goeman, 1991; 
Fielder and Johnson, 1994; Edwards et al., 2004; Sass et al., 2018). Additionally, if only conducted 
on a subset of tournaments, testing for environmental factors associated with delayed mortality 
can be difficult. Further, confinement-delayed mortality evaluations are unable to evaluate the 
potential for chronic mortality (long term patterns in mortality post release). More recently, 
assessments of delayed mortality have included telemetry of tournament released fish, assessing 
survival in natural environments instead of in confinement (Maynard et al., 2013; Taylor et al., 
2015; Kerns et al., 2016). However, much like confinement delayed mortality studies, tagging fish 
with transmitters may increase stress and mortality, and evaluations are limited by the number of 
individuals that can be tagged and the numbers of tournaments fish are sampled. Thus, these 
methods may also only include a “snapshot” of a single or few tournaments occurring on the 
system, limiting inference to the range of environmental conditions fish experience during 
tournaments, making long-term mortality estimates difficult. Therefore, opportunities exist to 
improve estimates of tournament mortality and to test for the duration that delayed mortality 
occurs.  
Using mathematical and statistical modelling techniques to understand dynamic rates of 
fisheries have long been advocated by fisheries professionals (Haddon, 2010). However, the 
majority of tournament mortality studies still use direct quantification of initial and delayed 
mortality. Alternatively, the use of mark-recapture methods, such as the Cormack-Jolly-Seber 
model (Lebreton et al., 1992), would allow for long-term estimates of survival of all individuals 
captured across multiple tournament events. These models also accept covariates, allowing the 
user to test aspects such as environmental variables, subsequent recapture events, and individual 
fish characteristics (White and Burnham, 1999). Further, the use of time-varying individual 
covariates would allow for hypotheses of acute versus chronic mortality to be tested by accounting 
for days since tournament capture. This improved ability to account for multiple factors affecting 
survival could provide an increased understanding of tournament associated mortality, but 
although such methods have been used to evaluate effects of catch and release angling on bass 
growth and catch rates (Cline et al., 2012; Sass et al., 2018), they have not been applied to these 
situations.  
We use a mark-recapture dataset from a highly represented tournament species, largemouth 
bass Micropterus salmoides (hereafter referred to as bass), to test for delayed mortality as an 
alternative to traditional delayed-tournament mortality studies. Our objectives were to estimate 
post-release mortality rates and test for chronic (15 and 30 d) versus acute (2, 3, 4, 7 d) mortality. 
We also tested a number of covariates (number of tournament captures and fish length, weight, 
and condition) to evaluate their potential effects on delayed mortality. Finally, we applied our 
results to estimate the percent of bass that survive catch-and-release tournaments. We considered 
multiple competing hypotheses from patterns identified in the literature including acute effects of 
decreased survival with increasing air and water temperature and increased fish size. We conclude 
that mark-recapture models serve as useful tools to understand tournament mortality of fish 
captured in competitive events under a range of conditions in which tournaments occur. 
 
2.  Methods 
2.1 Sampling 
Brushy Creek is a 279 ha reservoir in Webster County, Iowa, USA. The lake has a mean depth 
of 8.9 m, a maximum depth of 22.9 m, and is densely covered in emergent and submerged coarse 
woody habitat along the perimeter of the lake. Brushy Creek is used extensively by anglers, hosting 
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over 40 bass tournaments annually (mean 25 tournament angler hours/ha/year from 2015-2017). 
Electrofishing (pulsed DC 300 V and 8 amps) occurred once monthly on Brushy Creek during the 
open water season (April - November) for 2015, 2016 and 2017, and from April-June 2018. 
Electrofishing lasted about five consecutive d each month or until the entire accessible shoreline 
had been sampled. All bass captured were weighed (g) and measured (mm). Bass >381 mm (15” 
minimum length limit for bass in Iowa, USA) were tagged on the top left jaw with a metal Monel 
butt end band (selected due to their high retention for black bass; MacCrimmon and Robbins, 
1979) for individual bass recognition.  
All bass tournaments at Brushy Creek were attended and censused from April 2015 through 
June 2018 (131 total tournaments). Number of anglers, number of boats, and number of bass 
weighed-in were recorded for each tournament event. Following weigh-in, all bass were placed in 
an insulated live-well with supplemental oxygen. All fish were weighed (g), measured (mm), and 
evaluated for jaw tags; all untagged bass were tagged on the left upper jaw with a metal Monel 
band and released. Finally, project e-mail and telephone contact information was placed on signs 
throughout the lake to solicit capture date and bass tag number data from non-tournament anglers.  
 
2.2 Model  
We analyzed individual bass encounter histories during 2015-2018 in program MARK (White 
and Burham, 1999) using a Cormack-Jolly-Seber live recapture model (CJS) for maximum-
likelihood estimates of daily apparent survival (S) and detection probability (p; Lebreton et al., 
1992). Apparent survival represents fish that died and left the study area due to emigration; 
however, emigration of bass from Brushy Creek lake over the spillway is minimal (<0.001%; A. 
Sylvia, unpublished data). Therefore, we refer to apparent survival simply as survival hereafter. 
Assumptions of the model include that every marked animal in the population has the same 
probability of recapture and survival, marks are recorded correctly, sampling periods are 
instantaneous and recaptured fish are released immediately, emigration is permanent, and fish fates 
are independent of one another (Lebreton et al., 1992). Although post-capture refectory periods 
for bass may exist for short periods following angling (Cox, 2000; Cline et al., 2012; Sass et al., 
2018), bass resume feeding within 16 hours following an angling event (Siepker et al., 2006). 
Thus, we assumed that all individuals were equally available for recapture by anglers during 
consecutive sampling events. Basic notation of the estimation of survival and recapture events 
follow probabilities associated with each capture occasion conditional on the fish’s first release, 
where Sis is the probability that fish i alive at occasion s, is still alive at occasion s + 1, and pis is 
the probability that animal i alive at occasion s is captured. For example, a recapture history of five 
occasions (010110) would be modeled as         
S2(1-p3) S3 p4 S4 p5 [S5(1-p6) + 1- S5] 
in the likelihood function.  
 Survival for 771 time periods were estimated, representing daily survival rates during the open 
water season (April-November) from 2015-2018, as well as an ice-up survival rate that began 30 
days after the last electrofishing event and ended on the first day of electrofishing the following 
year. This period consisted of 119 days between 2015-2016, 123 days between 2016-2017, and 
134 days between 2017-2018. These intervals were adjusted in Program MARK and calculated as 
a constant daily survival estimate for the entire winter period. Detection probability was estimated 
for days when electrofishing or tournaments occurred but was set to zero for all remaining days 
where sampling did not occur. For example, if a tournament occurred on Saturday and Sunday, 
and no other sampling occurred throughout the week, detection probabilities were set to zero for 
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Monday - Friday, and the model would estimate detection probability for the tournament events 
on Saturday and Sunday. Survival rate estimates were not corrected for tag loss rates, as daily tag 
loss was minimal (0.00065%, A. Sylvia, unpublished data; Arnason and Mills, 1981) and would 
have little effect on survival estimates. 
Capture histories were created for 5,691 bass, of which 1,179 were reclassified as new fish 
after tournament capture, resulting in a total of 6,770 capture histories (Table 1). An individual 
received a 1 if it was observed during the sampling period and a 0 if it was not observed during 
the sampling period. We considered two groups of bass for the model: a reference group consisting 
of electrofished bass and a treatment group consisting of bass captured during a tournament. To 
test for short term delayed mortality of tournament captured bass, electrofished bass that were 
subsequently captured at a tournament were censored after capture and moved to the tournament 
group as a new fish. Additionally, tournament bass successively captured at another tournament 
were censored and entered into the encounter histories as new tournament fish to account for 
multiple tournament capture events. Tournament bass that were subsequently captured 
electrofishing were not censored and instead received a 1 in the capture history on the event of 
electrofishing as a second recapture. This occurred under the assumption, that was later tested and 
confirmed in the model, that electrofished bass did not experience the same mortality effects as 
those captured at bass tournaments (i.e., no time spent in a live well, going through weigh-in 
procedures, or angling stress) and that electrofishing does not affect bass survival (Dolan and 
Miranda, 2002). Capture histories of bass included individual covariates of number tournament 
captures, length-at-capture (mm), weight-at-capture (mm), and relative weight-at-capture (Wr, 
Neumann et al., 2012; Table 2). Time-varying covariates, covariates that changed on each time 
interval, were also used in the analysis, including mean daily air temperature (°C), mean daily 
water temperature (°C) averaged from three locations within the lake at 0 and 4.6 m depth, and 
daily effort for electrofishing (hours) and tournaments (hours). Time varying individual covariates 
included a monotonic trend from time since capture, where covariates were coded as 0 until the 
first day of capture (Holt et al., 2009). Once captured at a tournament, bass received individual 
covariates counting down from the number of days of hypothesized acute or chronic delayed 
mortality, followed by zeros for the remaining days. We chose six time periods of delayed 
mortality to test for acute versus chronic mortality, where survival followed a monotonic trend for 
2, 3, 4, 7, 15, and 30 days. For instance, a bass captured during the third sampling event had a 30 
day covariate of  
0 0 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 0… 
whereas that same individual had a 3 day covariate of 
  0 0 3 2 1 0 0… 
Alternatively, bass captured only via electrofishing received 0 for all days of their delayed 
mortality covariate models, as they never experienced being caught in a tournament. The 4, 3, and 
2 day periods were tested as they were commonly used in traditional confinement delayed 
mortality studies (e.g., Wilde, 1998; Graeb et al., 2005) whereas the 30, 14, and 7 day periods were 
chosen to test longer term, potentially chronic, effects of delayed tournament mortality. 
We characterized variation in recapture probability, acute survival effects, and survival due to 
additional covariates using hierarchical model-selection procedures based on Akaike’s 
Information Criterion corrected for small sample size (AICc), where lower AICc values and higher 
Akaike weights represent the most parsimonious model (Akaike, 1973). For all models, we 
assumed that the most parsimonious model was one in which the ∆AICc was two or greater, 
indicating substantial evidence of model fit (Anderson and Burnham, 2004). If the ∆AICc was less 
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than two for multiple models, we chose the top model for simplicity. Evidence ratios were 
evaluated for model pairs with the top model to further assess supporting models (Anderson and 
Burnham, 2004). Models were first developed for explaining variation in bass recapture 
probability as the first step of the hierarchical model selection procedure (Akaike, 1973). First, we 
fixed survival to group effects (tournament bass and electrofishing bass) to compare various model 
combinations and identify the most supported model for explaining variation in detection 
probability: a group effect [p (g)], a linear effect of effort for each group [p (g + effort)] and water 
temperature for each group [p (g + water T)], a quadratic effect of water temperature for each 
group (p (g + water T2), a linear effect of effort and a quadratic effect of temperature for each 
group [p (g + E + water T + water T2), and interactive effects of temperature and effort [p (g + 
water T + effort + water T x effort) as well as group temperature and effort [p (g + water T + effort 
+ water T x effort + g x water T x effort; Table 3).   
We compared model combinations that included time varying individual covariates describing 
the acute effect of time since tournament capture on survival estimates once the best explanatory 
model for recapture probability was determined. We included the six hypothesized linear trends of 
tournament capture effects between 2 and 30 d on bass survival as explained above. A group effect 
(electrofishing versus tournament captured bass) was maintained in each of the models to serve as 
a surrogate for differences between tournament and electrofishing bass, but later removed when 
additional covariates were added to the models that instead directly quantified differences in 
conditions experienced between these two groups (i.e., survival trends and number of tournament 
captures). Survival trends of 30 d [S (g+ 30 day trend) p (best)], 14 d [S (g+15 day trend) p (best)], 
7 d [S (g+7 day trend) p (best)], 4 d [S (g+4 day trend) p (best)], 3 d [S (g+3 day trend) p (best)], 
and 2 d [S (g+2 day trend) p (best)] were chosen.  
After the best survival time-trend model was determined, we tested additional linear individual 
and time-dependent covariates that were hypothesized to potentially affect survival of fish, 
including mean water temperature [S (best + water T) p (best)], mean air temperature [S (best + air 
T) p (best)], bass length-at-capture [S (best + initial length) p (best)], bass weight-at-capture [S 
(best + initial weight) p (best)], bass relative weight-at-capture [S (best + Wr) p (best)], and number 
of tournaments an individual bass was captured at [S (best + # tournaments) p (best)]. Additive 
combinations of the covariates were also tested. Once the best covariate model structure for 
survival was identified, the surrogate group effect (electrofishing and tournament captured bass) 
was removed to test whether the covariates adequately described differences between the 
tournament and electrofishing bass. We concluded that the additional covariates adequately 
described the group differences if the top model no longer included the group effect and carried 
majority of the support according to AICc weights.  
 
2.3 Cumulative mortality estimates 
Using estimates from the most parsimonious model, cumulative survival of bass captured at 
multiple tournament events was calculated by multiplying survival estimates of fish captured at 
one tournament for day of capture, one day since capture, and two days since capture to determine 
total survival of the first tournament event. This process was then repeated for survival estimates 
of fish captured at second, third, fourth, and fifth tournament events. The three-day mortality 
calculations for each event were then multiplied by each prior tournament until the fifth event was 
reached. Cumulative mortality estimates were completed four times to estimate cumulative 
survival for the 20th, 40th, 60th and 80th percentiles of water temperature observed during the Brushy 




2.4 Application of survival rates to a theoretical tournament event 
Finally, we evaluated the fate of 100 theoretical bass captured at a tournament, where number 
of tournament captures was related to the number of times bass were brought into tournaments at 
Brushy Creek from 2015-2017. We chose four events to evaluate water temperatures representing 
the 20th, 40th, 60th, and 80th percentiles of average tournament water temperature during the Brushy 
Creek tournament season. We then applied the estimated daily survival rates for day of capture to 
the initial 100 fish. Survival rates for the remainder of hypothesized days were applied to the 
number of surviving bass at the end of each time period Using the most supported time since 
capture trend model. For example, if 90 fish survived day of capture, the survival rate for one day 
since capture would then be applied to the remaining 90 bass.  
 
3.  Results 
A total of 3,423 bass >381 were captured at 131 bass tournaments and an additional 2,168 bass 
were captured during 129 hours of electrofishing between 2015 and 2018 (Table 1). Of the 
recaptures, 1,196 were captured at tournaments and 745 were captured during electrofishing, with 
1,388 (71.2%) bass captured once, 419 (21.5%) bass captured twice, 107 (5.5%) bass captured 
three times, 26 (1.3%) bass captured four times, eight (0.4%) bass captured five times, and two (< 
0.1%) bass captured six times either from a tournament or electrofishing. After classifying bass 
into an electrofishing or tournament group, 2,168 were characterized as electrofishing bass, of 
which 306 were censored in the model and subsequently reclassified as a tournament bass after 
subsequent tournament captures. An additional 4,602 fish were characterized as tournament-
captured bass, of which 873 were censored in the model and re-characterized as a new tournament 
bass after subsequent tournament captures.  
Of the nine models evaluated to describe variation in detection probability, the most supported 
model included linear water temperature and sampling effort, a two-way interaction between 
sampling effort and water temperature, and a three-way interaction between bass group, effort, and 
water temperature (∆AICc = 0.0, Wi=1.0; Table 3). Detection probability beta estimates of the final 
model resulted in 95% confidence intervals for five of the six parameters not including zero (Table 
4). Detection probability was higher for tournament-captured bass than electrofishing bass and 
increased with water temperature and sampling effort. Detection probabilities ranged from 0.006 
during an electrofishing event consisting of 1.7 hours of effort at 6.9 °C (Fig. 1A) to 0.044 for a 
tournament event with a combined angler effort of 731 hours at 18.7 °C (Fig. 1B).  
 All of the trend models describing acute effects on survival of tournament captured bass 
performed better than a model with no trend (∆AICc > 7, Wi=0.0; Table 5). Monotonic trends were 
best described by a 3 d pattern (∆AICc=0.0, Wi=0.20). However, 2 d and 4 d trends were also 
highly supported in the candidate model list (∆AICc=0.10, Wi=0.20), whereas the 7 d and 30 d 
trends also received some support (0<∆AICc <2). Evidence ratios of zero indicated that 2 d and 4 
d trends were equally as likely as the 3 d trend, whereas the 3 d trend was twice as likely as the 7 
d and 30 d trends. The beta estimate of the 3 d trend in the final model did not include zero (Table 
5), and the slope indicated an increase in survival in relation to time since capture. At average 
water temperature (15.5 °C), survival of bass was lowest on day of capture (0.85, 95% CI: 0.77, 
0.91) and increased one (0.95, 95% CI: 0.93, 0.97) and two (0.99, 95% CI: 0.98, 0.99) days since 
capture. Tournament bass survival three days since capture returned to average daily survival of 
all uncaptured bass (0.99, 95% CI: 0.99, 0.99; Fig. 2).  
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Additional covariates describing survival in the final step of the hierarchical model resulted in 
15 candidate models (Table 6). The top model did not include the group effect between tournament 
and electrofishing bass, indicating that the addition of covariates successfully described 
differences between these groups (Wi=0.44). Survival in the top model was best described by the 
3 d trend, water temperature, and number of tournaments. All three of the covariate beta parameters 
did not include zero in the 95% confidence intervals (Table 4).  
Bass survival decreased as water temperatures increased (Fig.3A). Water temperature during 
tournaments ranged from 3.8 to 23.3 °C, with majority of tournaments occurring during warmer 
temperatures in June, July, and August. Water temperature had the greatest influence on bass 
survival on day of capture ranging from 0.9569 (95% CI: 0.9138, 0.9788) at 3.8 °C to 0.6938 (95% 
CI: 0.5762, 0.8002) at 23.3°C, a 28% decrease in survival. One day since capture, survival of bass 
ranged from 0.9874 (95% CI: 0.9774, 0.9929) to 0.8888 (95% CI: 0.8488, 0.89235) between 3.8 
and 23.3 °C, a 10% decrease in daily survival. Two days since capture, survival ranged from 
0.9964 (95% CI: 0.9942, 0.9977) at 3.8 °C to 0.9657 (95% CI: 0.9572, 0.9742) at 23.3 °C, a 3% 
decrease in survival. Three days since capture, survival ranged from 0.9990 (95% CI: 0.9985, 
0.9993) at 3.8°C and 0.9900 (95% CI: 0.9877, 0.9924) at 23.3 °C, <1% decrease in survival.  
Survival of bass decreased with each capture event and was closely associated with days since 
capture (Fig. 3B). Bass were captured in tournaments up to five times in the three and a half years 
sampled, with 82% of bass captured once, 15% of bass captured twice, 2% of bass captured three 
times, 0.09% of bass captured four times, and 0.01% of bass captured five times. Day of capture 
showed the largest change in survival across number of tournament captures, where survival on 
average decreased 11% from 0.8390 (95% CI: 0.7748, 0.9121) for fish captured at one tournament 
to 0.7500 (95% CI: 0.4861, 0.6430) for fish captured at five tournaments. One day since capture, 
survival for fish captured at one tournament was 0.9484 (95% CI: 0.9264, 0.9641), whereas fish 
captured at five tournaments was 0.9135 (95% CI: 0.8494, 0.9521). Average survival trends for 
two days since capture were similar, with a change in survival from 0.9848 (95% CI: 0.9822, 
0.9870) for bass captured at one tournament to 0.9739 (95% CI: 0.9524, 0.9854) for bass captured 
at five tournaments, a difference of 1%. Finally, on three days since capture, survival of bass 
captured once had an estimated survival rate of 0.9956 (95% CI: 0.9952, 0.9960) while those 
captured at five tournaments had a survival rate of 0.9924 (95% CI: 0.9914, 0.9934), a difference 
of <1%. 
Cumulative bass survival decreased with increasing tournament capture events and decreased 
with increasing water temperatures (Fig. 4). Water temperature the day of a tournament was 12.4 
°C for the 20th percentile, 15.7 °C for the 40th percentile, 17.6 °C for the 60th percentile, and 18.8 
°C for the 80th percentile. Survival estimates of two tournament capture events were 0.6751, 
0.5697, 0.5021 and 0.4560 for 12.4 °C, 15.7 °C, 17.5 °C, and 18.8 °C, respectively. Differences 
increased across water temperature for three (0.5319, 0.4056, 0.3317, 0.2846) and four tournament 
captures (0.4056, 0.2760, 0.2075, 0.1671). Finally, bass captured five times had cumulative 
survival rates ranging from 0.2980 at 12.4 °C to 0.0917 at 18.8 °C indicating that few bass survived 
being captured at five tournaments. 
 
3.1 Application of survival rates to a theoretical tournament event 
Application of survival rates to four tournament scenarios showed the number of surviving 
tournament bass decreased with consecutive days since capture (Fig. 5). The percent of surviving 
bass decreased on the day of capture (day 0) from 100% to 87%, 83%, 78% and 76% for the 20th, 
40th, 60th, and 80th water temperature percentiles. Across the range of water temperatures, survival 
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decreased by an average of 6.61% (± 0.53 SE) between day of capture and one day since capture, 
1.81% (± 0.46 SE) between one day and two days since capture, and 0.65% (± 0.18 SE) between 
two days and three plus days since capture. Overall, 83% of bass were predicted to survive the 3 
d delayed mortality period at 12.4 °C, 75% would be predicted to survive at 15.7 °C, 71% would 
be predicted to survive at 17.6 °C, and 67% of bass would be predicted to survive at 18.8 °C.  
 
4. Discussion 
Delayed mortality of tournament-captured bass may be a result of an inability to recover from 
physiological stress (Gustaveson et al., 1991; White et al., 2008). Additionally, relocation and 
accumulation of bass at tournament release sites may result in increased competition for food, 
inability to find appropriate habitat, and increased predation (Stang et al., 1996; Gilliland, 1999). 
We found that bass delayed mortality was an acute effect, occurring between two and four days 
post tournament. Prior studies of black bass typically retained fish between one and three days post 
tournament (Bennet et al., 1989; Jackson and Willis, 1991; Steeger et al., 1994; Kwak and Henry, 
1995), with mortality past four days reported as negligible (Weathers and Newman, 1997; Neal 
and Lopez-Calyton, 2001; Keretz et al., 2018). However, variability in the duration of delayed 
mortality across studies is large. For example, bass were found to be fully recovered from 
physiological disturbances after 24 hours in a Utah reservoir (Gustaveson et al., 1991), whereas 
others have found support for delayed mortality up to six days in Florida and Georgia (Plumb et 
al., 1975; Schramm et al., 1987). We identified similar support for two, three, and four day delayed 
mortality, as well as some support for a seven day delayed mortality. In contrast, we found less 
evidence in our models of 15 and 30 day mortality, suggesting chronic tournament mortality is 
unlikely. Although we chose three day trends to model our results, duration of delayed mortality 
is likely specific to individual fish, depending upon a suite of individual-level factors occurring 
during the angling process (e.g., angler gear type, hooking injuries, livewell duration, etc; Dunmall 
et al., 2001; Wilde and Pope, 2008; Keretz et al., 2018). Although there have been a few 
observations of delayed mortality lasting past one week (Archer and Loycano, 1975; Gravel and 
Cooke, 2008), this may be a result of differences in tournament bass handling practices among 
studies and challenges in confining bass for extended periods. 
Our most supported models also included water temperature, but not air temperature, as an 
important explanatory covariate of tournament mortality. While air temperature has been 
suggested to potentially affect survival of tournament angled fish due to the increases in stress 
response of fish exposed to air (Suski et al., 2004), direct relationships of air temperature and 
survival have been tested but rarely found (Schramm et al., 1985, 1987; Edwards et al., 2004). 
Prior studies have found variable trends in the effects of water temperature on tournament 
mortality (Wilde, 1998), where correlation coefficients of water temperature and initial and 
delayed mortality varied from 0.71 (Watson and Johnson, 1997) to 0.01 (Steeger et al., 1994). 
Marked declines in bass survival rates were observed at water temperatures exceeding 17.6 °C 
(Seidensticker, 1975; Bennett et al., 1989), explaining up to 30% of variability in mortality at some 
tournaments (Wilde, 1998). This trend has also been observed in other species, including 
smallmouth bass Micropterus dolomieu (Welborn and Barkley, 1974), walleye (Goeman, 1991; 
Fielder and Johnson, 1994), and sauger Sander canadensis (Boland, 1990; Hoffman et al., 1996). 
Increases above ambient temperature in live-wells (Keretz et al, 2018) during weigh-ins and at 
release sites lead to increased physiological stress and mortality (Cooke and Suski, 2005). We 
observed that the largest effect of water temperature occurred on day of capture that included 
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mortality as a result of capture and weigh-in procedures whereas water temperature had less of an 
effect days following release.  
Initial and delayed tournament mortality rates of bass in Brushy Creek ranged from 17% at 
12.4 °C to 33% at 18.8°C. Similar tournament mortality of black bass at higher temperatures was 
observed in two Florida lakes where mortality was 33% after four days (Schramm et al., 1985). 
Tournament mortality ranging from 14-32% has also been observed in other Southern states 
including Texas, Mississippi, Georgia, and Alabama, USA (May, 1973; Welborn and Barkley, 
1974; Plumb et al., 1975; Seidensticker, 1975; Schramm et al., 1987). Conversely, our tournament 
mortality estimates were higher than similar total mortality studies in higher latitudes conducted 
at the same temperatures, including Maine, USA (5.2%; Hartley and Moring, 1995), Connecticut, 
USA (3.2%; Edwards et al., 2004), Minnesota, USA (4.5%; Kwak and Henry, 1995), South 
Dakota, USA (4.9%; Jackson and Willis, 1991), and Idaho, USA (10.5%; Bennet et al., 1989). The 
difference between our findings and other bass mortality rates at northern latitude could be a result 
of our ability to incorporate data from a wide range of conditions and tournaments over more than 
130 tournaments across three years.    
Although rarely considered, we found the effect of multiple tournament captures to be an 
important determinant of bass survival. Within the three years we evaluated, bass were captured 
up to five times at tournaments, a rate that has been observed in other bass populations (Sass et al., 
2018). However, while studies with similar bass tournament recapture rates have indicated little 
evidence of catch and release mortality, increased recaptures of bass in our study lead to a daily 
mortality rate of nearly 20% on day of capture at warmer water temperatures. Additionally, 
cumulative mortality of bass captured multiple times at tournaments was substantially higher, 
approaching 90% after five capture events during at tournaments where water temperatures 
surpassed 20 °C. Similarly, cumulative catch-and-release mortality of marine fishes can approach 
100% for fish with high capture probabilities (Bartholomew and Bohnsak, 2005). Thus, high 
cumulative mortality after multiple tournament recaptures likely explains the low proportion of 
bass captured at tournaments multiple times, as survival of those individuals is lower than 
individuals that have only been captured at a single tournament. Methods to quantify cumulative 
mortality after multiple captures is especially important in species that are long-lived and 
experience intense fishing pressure, resulting in the potential for multiple captures throughout their 
lifetime (Musick, 1999). When multiple captures do occur, reduced survival rates of these 
potentially “trap-happy” individuals may be further explained by selective forces of recreational 
angling on largemouth bass populations (see Philip et al., 2009). 
Tournament mortality (Meals and Miranda, 1994; Meka and McCormick, 2005) can be size-
specific, but the influence of bass length, weight, and condition on delayed mortality were not 
supported in our models. Considerable variation in responses to angling among regions, 
regulations, and populations is common (Cooke and Suski, 2005). For example, larger bass (>457 
mm) experienced significantly greater mortality than bass between 304 and 355 mm in Mississippi, 
USA (Meals and Miranda, 1994), whereas correlations between mean weight of captured fish of 
initial and delayed mortality were not found to be significant in Florida, USA lakes (Schramm et 
al., 1987). Tournaments held at Brushy Creek required bass retained in tournaments to be >381 
mm, with a majority of the bass captured at tournaments <457 mm (~82%) and in good condition 
(mean Wr each year >100). Thus, although maximum TL of bass in tournaments was 658 mm, the 
small number of large bass in our study and high condition factor of most individuals encountered 
may account for the lack of support for size-related mortality.  
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Our theoretical tournament results reflected the survival rates and trends in temperature 
observed in our model. Tournaments held when water temperatures were cooler showed a loss of 
up to 13% of bass on day of capture and only an additional 4% in the days post release. This 
supports findings of minimal delayed mortality at lower temperatures (Kwak and Henry, 1995; 
Edwards et al., 2004; Keretz et al., 2018). However, tournaments occurring at higher water 
temperatures (>15.7 °C) showed increased rates of mortality, resulting in a loss of up 25% of  bass 
on the day of capture and increasing to 33% of bass three days post-capture. Even with improved 
ability to decrease physiological stress of tournament angled bass in recent decades, our results 
indicate that mortality can still be high, especially in systems that experience multiple tournament 
events throughout the season. Although the number of bass experiencing multiple tournament 
captures was not large in our hypothetical scenario, the likelihood of multiple tournament captures 
may increase as tournament pressure increases, further decreasing the number of surviving 
tournament bass.   
While delayed tournament mortality in Brushy Creek was markedly high when compared to 
other studies in similar regions and is often negatively perceived, catch and release angling 
mortality may also provide some benefits. Recent work has shown that regulations enacted to 
increase bass abundance (e.g., length-limits, bag limits and seasonal closures) rely on the 
assumption that anglers will harvest fish. High voluntary release rates of bass (near 100%, Henry, 
2003) paired with increased regulations have the potential to result in negative effects on 
population growth and size-structure (see Hansen et al., 2015; Miranda et al., 2017). Thus, some 
low level of catch and release mortality may be beneficial in releasing bass from density dependent 
growth, increasing population size-structure.  
A vital component of understanding the total mortality of fish captured during competitive 
catch-and-release events is the ability to accurately estimate delayed mortality. Our use of mark-
recapture data further highlights the usefulness of such assessments in sportfish populations (see 
Cline et al., 2012, Kerns et al., 2016; Sass et al., 2018; Shaw et al., 2019). This study improves 
upon previous study designs and can be completed across multiple tournament events and extended 
periods of time, improving findings of traditional mortality studies. Further, the use of this mark-
recapture method removes the arbitrary choice of holding time and allows for multiple hypotheses 
to be tested regarding factors related to delayed mortality. While our study evaluated only 
tournament mortality, this model could be extended to assess recreational catch-and-release 
angling (e.g., Muoneke and Childress, 1994), marine bycatch (e.g., Davis, 2002), and tagging 
mortality of released fish (e.g., Brattey and Cadigan, 2004) across various water bodies. Assessing 
post-release mortality is a challenging task; pursuing objective and repeatable methods are 
fundamental to its continued understanding.  
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7. Tables and Figures  
Table 1. Tagged and recaptured largemouth bass Micropterus salmoides with electrofishing and 
tournaments by year at Brushy Creek, IA, USA. Data in table represents modified data including 
censored and re-entered tournament and electrofishing bass used in Cormack-Jolly-Seber mark-

















   Number Recaptured 
Capture method Year Number 
tagged 2015 2016 2017 2018 
Tournament       
 2015 1,449 325 503 35 2 
 2016 1,423 - 112 253 23 
 2017 1,621 - - 498 29 
 2018 109 - - - 5 
 Total 4,602 325 615 786 59 
Electrofishing       
 2015 652 154 89 14 7 
 2016 600 - 96 50 4 
 2017 603 - - 65 40 
 2018 313 - - - 30 
 Total 2,168 154 185 129 81 
Total bass  6,770 479 800 915 140 
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Table 2. Mean, standard error (SE), and range of individual covariates used in Cormack-Jolly-Seber models to estimate apparent 
survival (S) of jaw tagged largemouth bass Micropterus salmoides in Brushy Creek, IA, USA for 771 periods from April 2015 through 
June 2018. Tournament captures = number of time a bass was captured at a tournament. Length-at-capture = length of fish (mm) at 
time of capture. Weight-at-capture = weight of fish (g) at time of capture. Wr-at-capture = relative weight at time of capture.    
 
 2015 2016 2017 2018 
 Mean SE Range Mean SE Range Mean SE Range Mean SE Range 
Tournament captures  0.81 0.02 0-4 0.84 0.02 0-5 0.89 0.02 0-5 0.44 0.03 0-4 
Length-at-capture 423.52 0.78 381-658 425.87 0.76 381-553 428.06 0.82 380-561 424.32 2.23 381-544 
Weight-at-capture 1236.56 8.37 530-3066 1258.66 8.15 461-2813 1227.5 8.53 556-3229 1202.67 23.99 676-2781
Wr-at-capture 105 0.22 61-136 104 0.21 55-134 102 0.23 60-137 102 0.62 60-138 
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Table 3. Cormack-Jolly-Seber models used to estimate detection probability (p) of jaw tagged largemouth bass Micropterus salmoides 
in Brushy Creek, IA, USA for 771 periods from April 2015 through June 2018. Effects evaluated influencing p include electrofishing 
or tournament captured bass (g), water temperature (Water T), and electrofishing sampling effort and tournament fishing effort 
(effort). K = number of parameters. Deviance = -2 x log-likelihood of the model less -2 x log-likelihood of the saturated models (same 





Model AICc ∆AICc Wi K Deviance
p (g + water T+ effort + water T x effort + g x water T x effort) 106,583.18 0.00 1.0 8 98,180.32 
p (g + effort) 106,692.20 109.02 0.0 5 98,295.35 
p (g + water T
2
 + effort) 106,693.47 110.29 0.0 6 98,294.63 
p (g + water T + water T
2 
+ effort) 106,693.56 110.38 0.0 7 98,292.71 
p (g + water T + effort + water T x effort) 106,695.35 112.17 0.0 7 98,294.49 
p (g + water T + water T
2
) 106,697.18 114.00 0.0 6 98,298.33 
p (g) 106,700.86 117.68 0.0 4 98,306.01 
p (g + water T) 106,702.30 119.12 0.0 5 98,305.45 




Table 4. Cormack-Jolly-Seber estimates of most supported model: S (3 day trend + water T + # 
tournaments) p (g + water T + effort + water T x effort + g x water T x effort) of jaw tagged 
largemouth bass Micropterus salmoides in Brushy Creek, IA, USA for 771 periods from April 
2015 through June 2018. Estimate = Beta estimate of parameter. SE = Standard error of beta 
estimate. 95% LCI = 95% lower confidence interval of beta estimate of parameter. 95% UCI = 
95% upper confidence interval of beta estimate of parameter. Best model determined by sample-





Parameter Estimate SE 95% LCI 95% UCI 
Survival (S)  
Intercept 7.32629 0.267452 6.802080 7.850491
3 day trend -1.26042 0.093797 -1.444257 -1.076574
water T -0.11704 0.016207 -0.148804 -0.085272
# tournaments -0.13843 0.047710 -0.231942 -0.044919
Detection probability (p)  
Intercept -4.85657 0.146773 -5.144246 -4.568895
group -0.31937 0.096928 -0.509352 -0.129392
effort 0.00001 0.000045 -0.000076 0.000099
water T 0.01440 0.007843 -0.000974 0.029770
effort x water T 0.00011 0.000011 0.000089 0.000131




Table 5. Cormack-Jolly-Seber models used to estimate apparent survival (S) of jaw tagged largemouth bass Micropterus salmoides in 
Brushy Creek, IA, USA for 771 periods from April 2015 through June 2018. Effects evaluated influencing S include 2, 3, 4, 7, 15, and 
30 day trends in survival post tournament capture. K = number of parameters. Deviance = -2 x log-likelihood of the model less -2 x 
log-likelihood of the saturated models (same number of parameters and degrees of freedom). b = beta parameter estimate for 
tournament mortality effects of a specific duration. 95% CI = 95% confidence interval for beta parameter estimate for tournament 




Model b 95% CI AICc ∆AICc Wi K Deviance 
S (3 day trend) -1.256 [-1.444, -1.077] 106,575.30 0.00 0.20 9 106,557.28 
S (2 day trend) -2.107 [-2.473, -1.740] 106,575.35 0.10 0.20 9 106,557.33 
S (4 day trend) -0.980 [-1.169, -0.792] 106,575.42 0.10 0.20 9 106,557.40 
S (7 day trend) -0.497 [-0.609, -0.384] 106,576.14 0.80 0.10 9 106,558.12 
S (30 day trend) -0.064 [-0.089, -0.039] 106,576.20 0.90 0.10 9 106,558.18 
S (15 day trend) -0.176 [-0.232, -0.121] 106,577.31 2.00 0.10 9 106,559.29 
S (g) - - 106,583.18 7.90 0.00 8 98,180.32 
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Table 6. Cormack-Jolly-Seber models used to estimate apparent survival (S) of jaw tagged largemouth bass Micropterus salmoides in 
Brushy Creek, IA, USA for 771 periods from April 2015 through June 2018. Effects evaluated influencing S include a three day 
monotonic trends in survival  post tournament capture (3 day trend), electrofishing or tournament bass (g), mean daily water 
temperature (water T), number of tournament captures (# tournaments), mean daily air temperature (air T), Wr-at-capture (Wr), 
weight-at-capture (initial weight), and length-at-capture (initial length). K = number of parameters. Deviance = -2 x log-likelihood of 
the model less -2 x log-likelihood of the saturated models (same number of parameters and degrees of freedom). b = beta parameter 
estimate for tournament mortality effects of a specific duration. 95% CI = 95% confidence interval for beta parameter estimate for 


















Model AICc ∆AICc Wi K Deviance
S (3 day trend + water T + # tournaments) 106,513.81 0.00 0.44 10 106,493.79 
S (g + 3 day trend + water T + # tournaments) 106,515.76 1.95 0.16 11 106,493.73 
S (g + 3 day trend + Wr + water T + # tournaments) 106,516.08 2.27 0.14 12 106,492.04 
S (g + 3 day trend + Wr + air T + water T+ # tournaments) 106,516.33 2.52 0.12 13 106,490.28 
S (g + 3 day trend + air T + water T + # tournaments) 106,516.88 3.07 0.09 12 106,492.84 
S (g +3 day trend + Wr + air T + water T) 106,518.51 4.70 0.04 12 106,494.47 
S (g +3 day trend + Wr + air T) 106,541.02 27.21 0.00 11 106,518.98 
S (g + 3 day trend + initial weight + air T) 106,541.32 27.51 0.00 11 106,519.28 
S (g +3 day trend + initial length + air T) 106,542.12 28.31 0.00 11 106,520.08 
S (g + 3 day trend + # tournaments) 106,570.54 56.73 0.00 10 106,550.51 
S (g + 3 day trend) 106,575.30 61.49 0.00 9 106,557.28 
S (g + 3 day trend + Wr) 106,575.36 61.55 0.00 10 106,555.33 
S (g + 3 day trend + initial weight) 106,575.64 61.83 0.00 10 106,555.61 
S (g + 3 day trend + initial length) 106,576.52 62.71 0.00 10 106,556.49 
S (g) 106,583.18 69.37 0.00 8 106,567.16 
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8. Figure Captions 
Figure 1. Detection probability largemouth bass Micropterus salmoides captured by 
electrofishing (A; coded as group one in final MARK model) and tournament angling (B; coded 
as group zero in the final MARK model) in relation to effort in hours at 12.4 °C (solid line), 15.7 
°C (dotted line), 17.6 °C (dashed line), and 18.8 °C (dashed and dotted line). Water temperatures 
represent the 20th, 40th, 60th and 80th percentiles of water temperatures across the Brushy Creek, 
IA, USA tournament season. 
 
Figure 2. Apparent daily survival of largemouth bass Micropterus salmoides on day of 
tournament capture (day zero), one day since capture, two days since capture, and three + days 
since capture at a mean water temperature during tournaments of 15.5°C with 95% confidence 
bands.  
 
Figure 3. Apparent survival of largemouth bass Micropterus salmoides three plus days since 
capture (solid line), two days since capture (dotted line), one day since capture (dashed line), and 
day of capture (dashed and dotted line) in relation to water temperature (°C; A) and number of 
tournament captures (B).  
 
Figure 4. Cumulative apparent survival of largemouth bass Micropterus salmoides captured on 
one, two, three, four, and five tournaments at 12.4 °C (solid line), 15.7 °C (dotted line), 17.6 °C 
(dashed line), and 18.8 °C (dashed and dotted line). Water temperatures represent the 20th, 40th, 





Figure 5. Number of surviving largemouth bass Micropterus salmoides on day of capture 
(represented by zero), one day since capture, two days since capture, and three plus days since 
capture for a at 12.4 °C (solid line), 15.7 °C (dotted line), 17.6 °C (dashed line), and 18.8 °C 
(dashed and dotted line). Assuming a theoretical tournament with 100 original captured bass at 
the 20th, 40th, 60th and 80th percentiles of water temperatures across the Brushy Creek, IA, USA 
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